The present paper reviews the development of postural adjustments during infancy. In the control of posture, two functional levels can be distinguished. The basic level deals with the generation of direction-specific adjustments meaning that dorsal muscles are primarily activated when the body sways forward, whereas ventral muscles are primarily activated when the body sways backward. The second level is involved in adaptation of the direction-specific adjustments. Postural development starts with a repertoire of direction-specific adjustments suggesting that the basic level of control has an innate origin. At first, during the phase of primary variability, postural activity is largely variable and can be minimally adapted to environmental constraints. At 3 months, postural activity shows a transient period during which few postural muscles participate in postural activity. From 6 months onward, the phase of secondary variability starts, during which the second level of postural control becomes functionally active and infants develop the ability to adapt postural activity to the specifics of the situation. Initially, adaptation can be accomplished in a simple way only, but from 9-10 months onward, it can be performed by the subtle adaptation of the degree of muscle contraction. Around 13-14 months, anticipatory
INTRODUCTION
Postural control primarily serves two goals. First, postural control aims at the maintenance of balance, which means that under static conditions, the center of pressure and the projection of the center of gravity remain inside the support surface. The other goal is to form an interface between perception and action (Massion et al., 2004) . The control of posture in the human is characterized by complexity, which has its roots in phylogeny (Gramsbergen, 2005) . In the course of phylogeny, the upper limbs became increasingly involved in skilled manual tasks and decreasingly in postural control. Quadrupedal stance and gait were exchanged for bipedal stance and gait. This shift had important implications for postural control because it was associated with a substantial reduction in the base of support. Virtually all parts of the (C) 2005 Freund & Pettman, U.K. nervous system became involved in the control of posture (Dietz, 1992; Massion, 1992 ; Massion et al., 1999) . The complex and distributed organization of human postural control explains why the development of postural control in the human takes many years, i.e., at least until adolescence (Schmitz et al., 2002; Van der Heide et al., 2003; Roncesvalles et al., 2004) . The In the task of controlling posture, the nervous system is faced with the problem of dealing with a redundancy in degrees of freedom, due to the multitude of participating muscles and joints.
Bemstein (1935) suggested that the motor problem posed by the surplus in degrees of freedom might be solved by organizing motor output with the help of synergies. Synergies enable the nervous system to reduce the number of afferent signals needed to generate and guide an ongoing movement and to reduce the number of efferent activities involved in motor control. This means that in movement control, the brain does not specify each single muscle contraction but that it uses a repertoire of neuronal representations of movements with prestructured motor commands. The nervous system indeed organizes postural control with the help of synergies--flexible synergies, which can be finetuned to task-specific conditions (e.g., Horak & Nashner, 1986; Hirschfeld & Forssberg, 1992; Macpherson, 1994 , Massion et al., 2004 . Forssberg and Hirschfeld (1994) (Forssberg & Hirschfeld, 1994; Hadders-Algra et al., 1996a) .
The data of Hedberg et al. indicated, however, that in l-month-old infants, the sensory information generated by pelvis rotation is insufficient to trigger direction-specific postural activity. Additionally, vestibular information cannot serve as a primary trigger of postural activity because the data indicate that prior to perturbation the head variably sways in all directions. Therefore, the authors hypothesized that possibly multiple sources of sensory information from the pelvic region--such as proprioceptive information and tactile information generated by stretch-sensitive mechanoreceptors in the buttock region--cooperate in triggering postural activity.
At early age, postural activity is characterized by a large variation in direction-specific postural patterns. The variation is especially apparent in the combinations in which postural muscles are activated, i.e., infants may activate one, two, or more direction-specific muscles in any combination. In infants older than month, the number of directionspecific muscles tha participate in the directionspecific adjustments first decreases with increasing age, reaching its nadir at the age of 3 months (Hedberg et al., [accepted for publication] 2005).
The reduced expression of direction-specificity around the age of 3 months might explain why previous researchers had difficulty in finding direction-specific postural adjustments at this age (Woollacott et al., 1987; Harbourne et al., 1993) .
The finding that postural muscle activity is low around 3 months fits the findings of EMGrecordings of spontaneous motor behavior (HaddersAlgra et al., 1992) and H-reflex studies (Hakamada et al., 1988) , indicating that motoneuron excitability decreases during the first 3 months after birth.
Aider the age of 3 months, the number of direction-specific muscles recruited in the postural adjustments increases again. The data of Hedberg et al. (2005) showed that after the transitional period of low postural activity at 3 months, postural muscle activation rates during sitting were significantly more related to achievements in spontaneous motor behavior than prior to the transitional period. These findings suggest that the age of 3 months is a period of developmental transition in postural control. In fact, others had already indicated that 3 months can be considered an age of major neuro-developmental transition (e.g., Prechtl, 1984) . Three months is the age at which functional activity in the basal ganglia, cerebellum and parietal, temporal, and occipital cortices increases substantially (Rubinstein et al., 1989; Chugani, 1998) . Three months is also the age at which the quality of general movements has considerable predictive power for later developmental disorders (Hadders-Algra, 2004 ). In addition, the period of transition is the age at which goaldirected arm motility emerges.
Transition from primary to secondary variability The first goal-directed reaching movements do not end in successful grasping, but from the age of 4 to 5 months, they do (Touwen, 1976 Second, the neural circuitries controlling the activity of the dorsal postural muscles differ from those controlling the ventral postural muscles (Dietz, 1992; Hadders-Algra et al., 1998) . The two postural systems differ in particular in the degree to which they are affected by supraspinal activity. Supraspinal modulation of the dorsal postural muscles in trunk and leg is less than that of the corresponding ventral muscles (Brogren et al., 2001 ).
Another interesting aspect of early postural behavior is that it is characterized by a virtual absence of antagonistic co-activation (HaddersAlgra et al., 1996a; Van der Fits et al., 1999b; Hedberg et al., 2005) . This lack means that the development of postural adjustments differs in this respect from the development of other motor functions, such as reaching and walking, for which early phases are characterized by a high degree of antagonistic co-activation (Forssberg, 1985; Thelen & Spencer, 1998 standing is present from the emergence of independent stance until at least 5 years of age (Forssberg & Nashner, 1982) .
From 9-10 months onward, infants start to develop the capacity to adapt postural adjustments in a subtle way, i.e., by means of adaptation of the degree of muscle contraction of the directionspecific muscles. During external perturbations eliciting a backward body sway in sitting position, infants develop (a) the ability to adapt the degree of contraction of all direction-specific muscles to the velocity of the moving seat surface, and (b) the ability to modulate the degree of contraction of the abdominal and leg muscles to the initial pelvis position (Hadders-Algra et al., 1996a). During reaching as well, the ability to adapt postural activity to body configuration prior to reaching emerges: a head that is held more upright, a more extended trunk, and a more reclined pelvis are associated with a more frequent selection of the en bloc pattern. Additionally, faster reaching movements are associated with a more frequent occurrence of the en bloc pattern (Van der Fits et al., 1999b) .
The emergence of the ability to fine tune the degree of postural-muscle contraction to the specifics of the situation, the emergence of antagonistic coactivation, and that of the dominant presence of the en bloc pattern around the age of 9-10 months suggest that this age might be regarded as the third period of transition in postural development. The transition might be linked to the increase in functional activity in the parietal and frontal cortices occurring around this age (Rubinstein et al., 1989; Chugani, 1998 )---a change in brain function also reflected in important changes in social-cognitive abilities (Carpenter et al., 1998) . Conceivably, the postural transition around 9-10 months serves as a preparation for the development of standing and walking.
Emergence of anticipatory postural activity Infants develop the ability to stand without support generally during the age period of 9 to 12 months (Piper & Darrah, 1994 ). Yet, even when infants are able to stand only with support, their postural adjustments during stance are already characterized by the presence of a repertoire of direction-specific adjustments (Sveistrup & Woollacott, 1996) . With increasing age, increasing experience, and increasing capacity in standing behavior, infants learn to select from their repertoire of postural patterns the pattern in which most direction-specific muscles are activated (Sveistrup & Woollacott, 1997) . This observation means that the basic developmental principles for postural adjustments during standing are similar to those for adjustments during sitting. Nevertheless, the development of temporal organization of the adjustments differs for adjustments during sitting and standing. Postural adjustments during sitting at early age are characterized by a mild dominance of top-down recruitment, whereas postural adjustments during the first developmental phases of standing are characterized by a strong dominance of bottomup recruitment (Sveistrup & Woollacott, 1996) .
A study of Roncesvalles and colleagues (2004) underlines the two notions that (a) the basic functional organization of postural adjustments in stance is present from early standing behavior onward, and (b) the focus of postural control during the first phases of standing development is not cranially but caudally located. Roncesvalles and coworkers studied the development of two major balancing strategies during stance" (1) the ankle-strategy (which means that the entire body rotates about a single pivot point, the ankle----a strategy used for small perturbations of balance) and (2) the hip-strategy (consisting of a rapid flexion of the trunk on the thigh--a strategy used for larger balance perturbations). The youngest infants studied, infants with less than 6 months of walking experience, were able to apply both strategies. The organization of the ankle strategy changed minimally with increasing age, whereas the organization of the hip strategy changed from a rather passive method to one in which postural muscles are actively used.
Clark and colleagues (Barela et al., 1999; Metcalfte & Clarke, 2000) investigated the use of somatosensory information during the acquisition of independent upright stance. The investigators studied infants aged 10 months to 2 years, who varied in developmental level from just being able to pull to standing until having some experience in independent walking. The infants either stood on a pedestal while touching a contact surface with one hand or stood 'hands-free'. At early standing age, when infants had no or little walking experience, the contact surface was used for mechanical support.
Ater some weeks of walking experience, however, the infants used the contact surface as a source of sensory information, which was used in the prospective control of posture and as a means for exploring postural coordination.
The data of Barela et al. (1999) indicate that anticipatory postural control emerges at the age when children have some 6 weeks of walking experience, namely, at the age of 13-14 months. This report is in line with the findings of Witherington et al. (2002) , who explicitly studied the emergence of anticipatory postural adjustments during stance and with those of van der Fits et al. (1999b) , who studied anticipatory postural control in a sitting position. The data of Van der Fits et al. showed that the development of anticipatory postural control is related to the development of independent walking. The data suggest that the age of 13-14 months is another period of transition in the development of postural control, a transition during which feed-forward neural planning processes become integrated into postural control.
CONCLUDING REMARKS
Postural development starts with a repertoire of direction-specific adjustments. During the first half year of postnatal life, the repertoire is used in a largely variable way. This period is the phase of primary variability during which postural activity can be adapted to environmental constraints to a minimal extent only. Within the phase of primary variability, a period of transition can be observed around 3 months of age. During this period of transition, few postural muscles are recruited during postural activity. From 6 months onward, the phase of secondary variability starts, during which infants develop the ability to adapt postural activity to the specifics of the situation. Initially, adaptation can be accomplished only in a rather simple way by means of the selection of the en bloc pattern, but from 9-10 months onward, can also be performed in a more subtle way by means of an adaptation of the degree of muscle contraction of the directionspecific muscles. Around 13-14 months, anticipatory postural adjustments emerge, suggesting that at this age, infants develop the ability to integrate feedforward control into postural management.
It can be concluded that the development of postural adjustments during infancy is characterized by four periods of transition occurring at the ages of 3, 6, 9-10, and 13-14 months. Of these transitions, the one at 6 months--during which infants move from the phase of non-adaptive primary variability to the phase of adaptive secondary variabilitymcan be regarded the major one.
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